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Bibliography  on  the  Measurement  of  iiulk  Resistivity 
of  Semiconductor  Materials  for  Electron  Devices 


Judson  C.  French 


In  support  of  a  study  of  accurate 
measurements  of  the  bulk  resistivity  of 
semiconductor  materials  such  as  germanium 
and  silicon  which  are  used  in  electron  de- 
vices, a  literature  search  has  led  to  the 
development  of  a  rather  large  collection 
of  references.   The  file  cards  making  up 
the  bibliography  are  reproduced  in  this 
Technical  iJote  for  the  assistance  of  others 
who  are  concerned  with  the  improvement  and 
standardization  of  these  measurements. 


1.   Introduction 


In  the  course  of  a  study  of  accurate  measurements  of  the  bulk 
resistivity  of  semiconductor  materials  for  use  in  electron  devices   for 
example,  germanium  and  silicon,  a  search  of  the  literature  has  been  con- 
ducted.1 The  result  has  been  the  accumulation  of  quite  a  number  of 
references  which  appear  to  offer  promise  of  being  helpful  to  the  study. 
The  subject  matter  includes  topics  which  are  obviously  pertinent,  such  as 
measurement  procedures  and  correction  factors,  as  well  as  topics  of  a 
more  indirectly  applicable  nature,  such  as  sample  preparation  techniques 
and  dimensional  measurements,  surface  and  pressure  effects,  uniformity, 
and  so  on.   In  regard  to  the  former  category,  the  collection  is  believed 
to  be  quite  complete  through  1963;  a  number  of  entries  in  the  period  to 
about  mid-1964  are  also  included.   The  entries  in  the  latter  category 
are  only  those  which  have  been  selected  as  being  of  present  or  antici- 
pated application  to  some  of  the  specific  problems  of  this  study. 


This  work  has  been  supported  in  part  by  the  Advanced  Research  Projects 
Agency  under  Order  No.  373-62  and  the  Air  Force  Cambridge  Research 
Laboratories  under  PRO  61-560  and  62-200. 


Nevertheless,  others  who  are  concerned  with  semiconductor  resis- 
tivity measurements  have  expressed  interest  in  having  the  collection 
made  available  for  their  use.   For  this  reason,  the  file  cards  which 
form  the  working  bibliography  have  been  reproduced  in  this  Technical 
Note  with  the  hope  that  they  will  indeed  be  helpful  in  this  field. 

Because  of  the  overlapping  nature  of  the  topics  in  many  of  the 
articles,  no  attempt  has  been  made  to  group  the  cards  by  subject  matter. 
Instead,  they  are  arranged  alphabetically  on  the  basis  of  the  author's 
name.   An  abstract  is  included  as  a  guide  to  the  article's  content. 
This  is  frequently  the  author's  abstract.   To  provide  a  brief  index  to 
the  material  covered  by  the  references,  a  breakdown  of  the  bibliography 
into  thirteen  categories  of  especial  interest  to  the  present  study  has 
been  made.   This  has  been  based  in  many  instances  only  on  the  statement 
in  the  abstract.   It  is  recommended  that  this  index  be  considered  only 
to  be  a  means  of  quickly  finding  the  major  references  in  these  categories. 
It  provides  a  starting  point  in  seeking  a  complete  set  of  references  on 
a  given  topic.   The  identification  numbers  of  the  cards,  which  are  used 
in  the  index,  are  to  be  found  typed  near  the  upper  right  hand  corners 
of  the  cards. 

Although  the  cards  have  been  reproduced  on  both  sides  of  a  page, 
they  may  be  cut  out  and  attached  to  suitable  file  cards  using  two  copies 
of  the  Technical  Note  if  this  should  be  desirable  to  provide  a  working 
file. 


2.   Index  to  Subject  Matter 


The  subject  matter  of  the  collected  references  has  been  divided 
into  the  thirteen  categories  listed  on  page  3  in  Section  2a.   In  Section 
2b  on  pages  4  to  6 ,  the  identification  numbers  of  appropriate  cards  are 
listed  below  the  numbers  corresponding  to  these  categories. 


2a.   Index  Categories 

1.  Bulk  resistivity  measurement:   dc  methods  requiring  probes  or  other 
contacts. 

2.  Bulk  resistivity  measurement:   ac  methods  requiring  probes  or  other 
contacts.   (See  also  Category  1  for  applicable  techniques.) 

3.  Bulk  resistivity  measurement:   ac  contactless  methods,  excluding 
microwave  frequencies,  but  including  measurements  of  related  pro- 
perties such  as  dielectric  constant  and  carrier  lifetimes. 

4.  Bulk  resistivity  measurement:   microwave  methods,  including  micro- 
wave measurements  of  related  properties  such  as  dielectric  constant 
and  carrier  lifetimes. 

5.  Bulk  resistivity  measurement:   other  methods  than  in  Categories  1 
to  4. 

6.  Layer  resistivity  measurement,  including  epitaxial  and  diffused 
layers.   (See  also  Categories  1  to  5  for  bulk  measurement  methods 
applicable  to  thin  samples.) 

7.  Resistivity  measurements  at  resistivities  of  100  ohm-cm  or  greater. 

8.  Material  properties,  excluding  inhomogeneities  and  anisotropics, 
but  including  surface  and  contact  phenomena  (see  also  Category  10), 
probe  wear  effects,  mobility  and  lifetime  measurements  not  included 
elsewhere,  the  dependence  of  resistivity  on  pressure,  temperature 
and  nuclear  radiation,  etc. 

9.  Sample  inhomogeneities  and  anisotropics,  including  growth  methods 
and  defect  determination. 

10.  Sample  preparation  and  associated  techniques,  including  crystal 
orientation,  sawing,  lapping,  polishing,  dimensional  measurement, 
plating,  application  of  leads,  surface  evaluation,  etc.   (See  also 
Category  8,  especially  for  contact  phenomena.) 

11.  Miscellaneous  equipment  and  techniques. 

12.  Correction  factors,  mathematical  principles,  and  error  analysis. 
(See  also  references  on  the  specific  method  of  measurement  of  in- 
terest.  This  category  generally  excludes  papers  with  a  theoretical 
introduction  to  a  described  method  of  measurement  unless  extensive 
correction  factors  are  tabulated  also. ) 

13.  Survey  articles. 
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ADDENDUM 

to  accompany 

NBS  TECHNICAL  NOTE  232 

Bibliography  on  the  Measurement  of  Bulk  Resistivity 
of  Semiconductor  Materials  for  Electron  Devices 

Judson  C.  French 

The  following  references,  not  included  in  the  Bibliography, 
should  be  noted.   Reference  (1)  should  be  assigned  the  identification 
number  K4.1,  added  to  the  Index  to  Subject  Matter  under  categories  3 
and  7,  and  added  to  the  Author  Index  following  Keller,  J.B.   Reference 
(2)  should  be  assigned  the  identification  number  D16.1,  added  to  the 
Index  to  Subject  Matter  under  category  2,  and  added  to  the  Author  Index 
following  Dunsmuir,  R. 

Reference  1: 

W.  Keller 

Measurement  of  the  Specific  Resistance  of  Semiconductor  Crystals  Using 
High  Frequencies  (In  German) 

Zeitschrift  fllr  angewandte  Physik,  vol.  11,  p.  346,  September,  1959 

Several  methods  for  the  measurement  of  resistivity  of  semiconductor 
materials  using  high  frequency  techniques  are  briefly  reviewed.   These 
include  an  induced  current  method,  a  two-point  (currentless  voltage 
probe)  method,  an  oscillator  method  and  a  bridge  method.   A  method  is 
then  described  in  detail  for  measurements  of  rod-shaped  samples  in 
which  no  contact  is  made  to  the  silicon  crystal.   The  crystal  may  be 
wrapped  in  a  protective  material.   Resistance  is  indicated  by  the  degree 
of  damping  of  a  tuned  circuit  which  is  capacitively  coupled  to  the 
sample.   It  is  necessary  to  calibrate  the  measurement  using  crystals  of 
known  resistivity. 

Reference  2: 


J.  Dusek 


Measurement  of  the  Hall  Coefficient  and  Electrical  Conductivity  in 
Semiconductors  by  the  Method  of  an  Alternating  Magnetic  Field  and 
Alternating  Current 

Czechoslovak  Journal  of  Physics,  vol.  9,  p.  250,  1959 

A  description  is  given  of  electronic  equipment  which  enables  the 
simultaneous  measurement  of  the  Hall  coefficient  and  the  electrical  con- 
ductivity by  using  a  low  frequency  alternating  magnetic  field  and  alt- 
ernating current.   The  instrument  is  adapted  for  measuring  a  minimum 
Hall  coefficient  of  3  x  10"11  Vcm/AG  and  electrical  resistance  10~5ft 
to  103ft;  the  smallest  measurable  Hall  voltage  is  lyV.   Deviations  from 
the  results  obtained  by  the  classical  dc  method  do  not  exceed  5%. 
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